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The attached paper presented at the NASA Symposium on Magnetic
Variables describes the research performed on the above grant. This paper
will be published in the proceedings of the symposium,

We are continuing to search for variable polarization to magnetic

variable stars.



PLANE POCLARIZATION IN MAGNETIC VARIABLES

W. A, Eiltner and Delo E, 1Mook
Yerikes Cbservatory, Univercity of Chicago

In 1961 '.E'}biessen1 suggested that the plane polarization obscerved in
reddened stars was not interstellar in origin but was associated with the magnetic
properties of the stars, To support his thesis, he reported that the magnetic
variable, HD 71866, indeed had a variable polarization, Although his thesis
never received favorable support, his observations of HD 71866 have never been
conflirined or repudiated. More recently, Miss Polosukhinaz reported ovserva-
tions on HD 215441 from which she concluded "that the variations iound in the
polarized emission of HD 215441 are iar in excess of any possible error in ob-
servations, " Tigure 1 shows some of the evidence on which the above statement
was made. These observations stimulated correspondence ‘between Mr, Cameron
and Iir, Hiltner that resulted in an initiation of a polarimetric program at Yerkes
Cbservatory of this and other stars.

The telescope we use for this program is the rotatable one of 24-inches in
aperature. 8 The polarimeter is a Wollaston analyzer with two refrigerated RCAG199
photomultipliers. Thé outputs of the two photomuitipiiers are measured with two de
amplifiers followed by two voltage to frequency converters and scalers. To intro-
duce more stability in the electronics for the brighter stars, we have attempted to
pulse count with a resolution of the order of 10 n sec. However, the system has
not performed to our complete satisfaction since no well defined plateau is obtained
for the counted number of photoelectrons. The whole telescope tube, including the
primary and secondary mirrors, can be rotated on the optical axis. The purpose
of this is to remove systematic errors that may arise in the mirror éystem. The

instrument seems to be entirely successful in this regard since the systematic
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error is no greater than 0, 6001 mag., The Mational Science Foundation kindiy
inade this telescone poszible,

Figure 2 shows the accuracy obtained with (.o insteusicnt wica eboorva-
tions are made ot 12 position angles of 20 seconsds each, You wili note that the
errors follow a ciraight line until we reach the brizhter stars where the sheerved

points {all akove the predicted accuracy, The cause of this departure is not entirely i

i
’ .

knowm 2t rnay have one of several orizins, fmoeng thom are lwproner Hlninina-
ticn of the plotoraultipliers, either through imperiections in the optical carfaces
or throush non-uniforn cathode sensitivity, or instability in the cloctronics in-
cludiing the photomultiolicrs, The dashed line o the rizit refers to the theorotical
accuracy asswmning a 10 percent pIt;oiocathcz:?.e il
elecirons, Tow cuantum or collection elficiency of the vholomudtinliere i tha
mogt obwvious erpionziion but not neccesarily the conulste one.

ouring tie past few monihs we have made polarimoter observations of o
nurier of mognetic stars that have QSLab shed perieds, B0 2315441 kos Goon
observed more extencively and wiil be discussed in more demﬂ.. Jigure S ghsvws

-
s - - * a ‘)
the light curve of I'D 215441 as observed by varzeoowski, ~ the polarimelric ¢aoeo-

vations of Liice Folosukhing plotted against phase and the polarimetric o orve’! ar

obtained at Yerkes, It is obvious that there is ne varintion of joToJ B © S
phace in cither of the two eets of polarimetric observations, Onc; &

however, that up to the precent tme, the maruetic field has not bocu iy A i o
variable In a periodic cenge.

“he question then arises whether the variationa in polarizaiion on & =ingla
night reported by Miss Polosukhina are real or are only stotistical fluctuations,

Gome {eeling for their reliability can be obtaincd by assuming that the polarization



15 donstant and then compute the mean error of a cigle chservatlon, The reziis
_ are most interesting g for 'thevcomputed ‘mean error 15 equal to the pnbiir-zhed ex~é&-.~,
0. 003 magnitudes. Whether or not this I8 coincidental is difficult to say for the
| typeoformrlsnotglvenmrthesteuaxrmagnimaetowhichthopubnshed error
applies. As you saw earuor tho accuracy is and must be a function of the magni-
. tude, Bnder ideal oonditiona tho thooretlcal accuracy fora star of the mrgnimdo
of ED215441, axpoaxre time md slze of telescope used by Miss Polo:mkhina m
approxlmately 0. 002 magnitude. A more monrato ‘estimate oannot be given for
lack of instrnmental and procedural detaﬂs. Therefore, an accuracy of 0.003 mag.
for the observation by Miss Polosukhing can be considered good, | Uxﬁormnatela
the oonclusions in the paper must be challenged for the reported cb:mges in tho
polarization ean be adequatoly accountedfor by statisﬂcal flucwationa moed‘by
,thenmitedammyotmeobsewatlms. PO« U
Fourotherpemnar Astars wlthwen estahushedperlods butnot, neoesaarﬂy
with periodic varizhle magnetic flelds, bave beon cbserved at Yerkes in sufficiont
detafl to make some oomma:ts. Figure 4 shows HD 173650, HD18296 (21 Par)
ED 196502 (73 Dra) and HD 224801, The periods are 10.1, 1.73, 20.3, ms. 7
days respectively. Thepolarlzatiom In all cases are very small and show no
variat&onwltmnthoaocuraeyolthoobservauons. B |
| There have been obaervauons byothor observers that have or have not
been reported in the uterahlre. Ina recent issuo ot tho Astroplwsical Joumal. i
Serlowski” reported negativo resnlts for 53 Cam, HD 93088, emaa, 78 Vi,
ACrBand qLSar. Thore was one exception, Serkowski reported that "some
very little changes may be present for the magnetic variahle HD71666." This,
of conrso, ‘returns us to the relisbility of the original Tblessen obsarvaiona. i




~ that the drawn curve in Thiessca's fllustration 1s the correc

i Again, beczmsa of the limited pubnshed detan of the original observations,\ o
1t 1s dtfficult to estahllsh the dogree of reltsbility of the observ.maa of zmm.m
by Thieasen. If once again one assumes thaa‘. the polar&&ioa is eénstant we ;ind |

, /0
‘ ‘_from tha 10 observatlons that the mean error is 0, 0012 mag.

On the asaumption

one. the mam error :

“'edearuer,gives

© 50,0004 meg. Ompmmommwmpmemﬁas;, |
’:auerrorota@bouto.oomforastarequalwme megz éanmzssa, md o, oooe
~ for thethecretiml aceuracy. Cemequently if Thieésen used a tlescope of slmilar
| aperature and followed a smiliar procedure, it :s‘not inconsistent to again interpret
thareportedvarlationsasstatistlcalnucmam =, |
~an reportsbyomer observersarenegative. Theonly evldence for any
_ ,mwepolar:zatmxscentmdwnnmse and this evidence can be
'*chmmemm@sm'smmemmawammamowmmmw—
kowskraonthebasxsofmaﬁfmm evidence, ltseemsmostloglcalto eunclu&eat
this time that a variable polarization in a magnetic variabla has not been estabushed.
However, mspueotthlspessimmucpolntotvtew. waplmmeonunueobsma-
tions of selectod stars with concentration on stars with well estabnshed periodic
y variationinmagneﬂcﬂal& HD?IBGBmhaperiodo: 6.8 daysandamagnetic N
‘v,ﬁeldchangeiromoztommogwmdazCVnwlthapesrlodolB.Sdaysanda. .
'“magneuenemcmgefromqto +5kﬂogmssaracanmaatesforconcentratod
'observatlona.

Thijsfwork was supported in part by NASA grant NGR-14-001-054,
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CAPTIONS

1 - The observed accuracy with the 24-iich rotatable telescopC v vt
RCA 6199 photomultipliers. The drsied line refers to 10 parceit g
cathodes with perfect registration of photoelectrona. ’

2 - Individual nightly observations of ED 215441 by Miss Polosnkhina. The
abscissa intervals correspond to one hour.

3 - Cbeervations of HD 215441,

4 - Polarimetric observations of HD 173650, 18296 (21 Per), 156502 (73 uw)
and 224801,
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